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SUM MARY 

A small c y l i n d r i c a l  tank was used t o  study t h e  ef fect  on the  noise 

environment w i t h i n  a tank o f  condi t ions o f  atmospheric (sea l e v e l )  pressure o r  

vacuum environments on t h e  ex te r io r .  

c o e f f i c i e n t s  were used t o  ca l cu la te  t ransmission loss, t r a n s m i s s i b i l i t y  

c o e f f i c i e n t s  and t h e  sound pressure (noise) l e v e l  d i f ferences i n  the  i n t e r i o r .  

The noise l e v e l  d i f f e rences  were a l s o  measured d i r e c t l y  f o r  t h e  two e x t e r i o r  

environments and compared t o  var ious a n a l y t i c a l  approximations w i t h  1 imited 

agreement. 

above 25 dB, the d i f f e rence  i n  i n t e r i o r  no ise l e v e l  between t h e  vacuum and ambient 

pressure condi t ions a re  l e s s  than 2 d8. 

Experimental l y  determined absorption 

Trend study curves i nd i ca ted  t h a t  i f  t h e  tank transmission l oss  i s  

I NTRODUCTIO N 

To ensure acceptable v i  broacoustic 1 evels f o r  hearing, communication, per- 

formance, comfort and sleep, it w i l l  be necessary t o  develop p red ic t i on  methods 

and c o n t r o l  techniques f o r  use i n  t h e  design and operat ion of f u t u r e  space sta- 

t ions.  On a nunber o f  previous space vehic les,  noise and v i b r a t i o n  l e v e l s  have 

exceeded design speci f icat ions and evoked crew compl aints.  These cases i n d i c a t e  

t h a t  t h e  design spec i f i ca t i ons  were probably inadequate fo r  space appl icat ions 

s ince they were based on c r i t e r i a  der ived from ea r th  condi t ions and i n d i c a t e  t h e  

need f o r  b e t t e r  p r e d i c t i o n  and contro l .  

The cu r ren t  e f f o r t  was undertaken t o  study t h e  e f f e c t  o f  an external  vacuum 

environment on t h e  i n t e r n a l  noise l e v e l s  o f  a small uns t i f f ened  monocoque 

cyl inder.  Di f ferences i n  noise l e v e l s  were determined by 1) c a l c u l a t i n g  t h e  

d i f f e r e n c e  i n  i n t e r i o r  no ise l e v e l  f o r  t h e  two external  pressure condi t ions us ing  

reverberant room acoust ic theory w i t h  assumed a b s o r p t i v i t y  and t r a n s m i s s i b i l i t y  
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c o e f f i c i e n t s ,  2) c a l c u l a t i n g  the  d i f f e rences  using measured abso rp t i v i t y ,  and 

3) d i r e c t  measurements o f  noise leve ls .  

measurements are compared. 

f u n c t i o n  o f  a b s o r p t i v i t y  and transmission l o s s  a re  a l s o  shown. 

The r e s u l t s  o f  ca l cu la t i ons  and 

Calculated curves o f  d i f ferences i n  noise l e v e l s  as a 

EXPERIMENTAL METHOD 

I n t e r i o r  no ise measurements were made w i t h i n  an unst i f fened c y l i n d r i c a l  tank 

(52.7 cm long and 25.4 cm radius) whose i n t e r n a l  pressure was held a t  atmospheric 

pressure both w h i l e  t h e  tank was soft-mounted i n  ambient a i r  and i n  a 244 cm (8 

f t )  diameter spher ical  vacuum chamber a t  10 mm pressure. 

d iscuss t h e  experimental t e s t  set-up, t h e  instrumentat ion f o r  obta in ing t h e  noise 

resu l t s ,  t he  measurements, and data reduction. 

The fo l lowing sect ions 

Experimental Test Set-up 

The experimental set-up o f  t h e  tank i n  t h e  spher ical  vacuum chamber i s  shown 

diagrammatically i n  f i g u r e  1. 

microphones. 

tank and t h e  other  was 5 cm from t h e  s i d e  o f  t h e  tank and 10 cm down from t h e  

top. 

assured t h a t  t h e  tank remains a t  atmospheric pressure when the  sphere i s  

evacuated. 

Within t h e  tank volume are a speaker and two 

One microphone i s  located 5 cm from the  t o p  a t  the center o f  t h e  

The tank i s  vented t o  t h e  atmosphere. A pressure gage i s  monitored t o  be 

A photograph o f  t h e  t e s t  apparatus i s  shown i n  f i g u r e  2. The e l e c t r i c a l  

power and signal  leads as wel l  as t h e  vent tube and pressure gage may be observed 

a t  t h e  bottom o f  t h e  tank. The tank dimensions and const ruct ion d e t a i l s  are given 

i n  f i g u r e  3. 

I n  s t  runentat i  on 

A photograph o f  t h e  recording and moni tor ing instrumentat ion i s  shown i n 

f i g u r e  4. 

noise generator and an ampli f ier. 

The speaker w i t h i n  t h e  tank was d r i v e n  by a random o r  a s inusoidal  

The vo l tage and cu r ren t  t o  the  speaker were 



3 

monitored by a d i g i t a l  vol tmeter and a d i g i t a l  ammeter. The twin-beam 

osc i l loscope was used t o  monitor t h e  i n p u t  o r  output signals. 

o f  t h e  two microphones shown i n  f i g u r e  1 were recorded on a 2-channel p lus voice 

t r a c k  audio tape recorder. 

f o r  annotat ing t h e  audio tape recorders. 

analyzer and p l o t t e r  were u t i l i z e d .  

The output s ignals  

Microphones, shown on t h e  instrument table, were used 

I n  addi t ion,  a narrow-band frequency 

Measurements 

Two se ts  o f  measurements were obtained. One s e t  was obtained by apply ing 

noise, band- l imi ted from 20-5000 Hz, t o  t h e  i n t e r i o r  o f  t h e  tank. 

s igna ls  from each m i  crophone were transformed and averaged f o r  4 m i  nutes t o  ob ta in  

a frequency spectrum. 

(sample shown i n  f i g u r e  5). To a i d  i n  t h e  i n t e p r e t a t i o n  o f  t h e  peaks i n  f i g u r e  5, 

The r e s u l t a n t  

The frequency spectrum was t ransferred t o  the  p l o t t e r  

t h e  low order resonant frequencies f o r  t h e  l ong i tud ina l ,  rad ia l ,  and 

c i r cumfe ren t ia l  acoust ic modes and t h e  s t r u c t u r a l  r i n g  mode were ca lcu lated and 

a r e  shown i n  f i g u r e  6. The t e s t  was repeated by apply ing a s inusoidal  i npu t  t o  

t h e  speaker a t  each o f  t h e  resonant frequencies as determined from t h e  f i r s t  s e t  

o f  measurements. The tape recorder was s t a r t e d  and t h e  power t o  t h e  speaker was 

abrupt ly  terminated causing a sound decay i n  t h e  tank. These decay data were 

subsequently analyzed u t i l i z i n g  a graphic l e v e l  recorder (sample shown i n  f i g u r e  

7) . 
selected frequency. 

c o e f f i c i e n t s  as described i n  t h e  next section. 

Data Analyses 

Reverberation t ime measurements were determined f o r  both microphones a t  each 

These measurements were used f o r  c a l c u l a t i n g  absorption 

The data were analyzed i n  two par ts .  The f i r s t  p a r t  consisted o f  comparisons 

o f  t h e  noise l e v e l s  under both ambient and vacuum condi t ions a t  each o f  t he  

resonant frequencies t o  determine t h e  e f f e c t  of t h e  external  vacuum on the  tank 

i n t e r i o r  noise. 
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The second p a r t  was t o  determine t h e  reverberat ion t ime (T) f o r  t he  noise 

l e v e l  t o  drop 60 dB from t h e  i n i t i a l  no ise  l e v e l  a t  t h e  te rmina t ion  of  t he  d r i v i n g  

noise. The t ime was obtained from t h e  slope o f  t h e  decay curve ( f i gu re  7),  

t h e  reverberat ion time, o the r  parameters, namely ambient and vacuun absorpt ion 

coe f f i c i en ts ,  t r a n s m i s s i b i l i t y ,  and transmission l o s s  were calculated. 

From 

The 

f o l l o w i n g  expressions were used t o  r e l a t e  these parameters and t h e  d i f f e rence  i n  

i n t e r i o r  no ise l e v e l  f o r  t h e  external  vacuum and ambient pressure condi t ions.  

a a 
A = 10 loglo - 

V 
U 

a a = a  + T  

a = a  
V (3) 

0.161 V 
T =  ah (4)  

‘ v  
A =  ( 5 )  

Where A = d i f f e rence  i n  i n t e r i o r  sound pressure l e v e l  between vacuum (v )  and 

ambient (a) external  pressure envi  ronment, dB . 
CL = a b s o r p t i v i t y  c o e f f i c i e n t ,  energy absorbed/energy inc ident .  

T = t r a n m i  s s i b i l  i t y  coe f f i c i en t ,  energy transmi tted/energy incident.  

TL = transmission loss, dR. 

T = reverberat ion time, t ime f o r  sound pressure l e v e l  t o  drop 60 dB, sec. 

V = Volume o f  cy l inder ,  m3 (0.103 m3). 

A = Surface area o f  cyl inder,  m2 (0,811 m 2 > .  

subscr ip ts  a = ambient 
v = vacuun 



5 

RESULTS AND DISCUSSION 

The r e s u l t s  o f  t h i s  i n v e s t i g a t i o n  a r e  shown i n  f igures 8-14. The d i r e c t  

measurements o f  i n t e r i o r  noise l e v e l  d i f ferences,  d e l t a  ( A )  are  shown f i r s t .  

t h e  measurements o f  reverberat ion t imes leading t o  t r a n s m i s s i b i l i t y  coe f f i c i en ts ,  

transmission loss, and noise l e v e l  d i f f e rences  are discussed. 

determining noise transmi ssion l oss  (references 1-3) were used i n  the  ca l cu la t i ons  

shown f o r  comparison. The paper i s  concluded w i t h  a t rend  study o f  d i f ferences i n  

i n t e r i o r  noise l e v e l s  as a func t i on  o f  t h e  noise a b s o r p t i v i t y  and transmission 

loss. 

Then 

Three methods of 

D i r e c t  measurements o f  A are shown i n  f i g u r e  8 f o r  t h e  two microphones w i t h  

t h e  cy1 inder. 

s p e c t r m  w i t h i n  t h e  tank a t  which A could be measured. 

two frequencies. 

(3129 Hz a t  both ambient and vacuun condi t ions).  

Resonant frequencies were determined from the measured frequency 

Deltas exceed 3 dB a t  only 

Both frequencies a re  c lose  t o  the  r i n g  frequency o f  the tank 

I n d i r e c t  measurements were used t o  ob ta in  d e l t a  from noise reverberat ion t ime  

measurements. I n  addit ion, these reverberat ion t ime measurements were used t o  

ca l cu la te  the  noise absorption c o e f f i c i e n t s ,  transmission loss,  and 

t r a n s m i s s i b i l i t y  coe f f i c i en ts .  The ca l cu la ted  absorption c o e f f i c i e n t s  averaged 

f o r  both microphones are shown i n  f i g u r e  9 f o r  both ambient and vacuum e x t e r i o r  

condit ions. As expected, t h e  absorpt ion c o e f f i c i e n t  f o r  ambient pressure 

condi t ions was always higher than f o r  t h e  vacuum cond i t i on  a t  t h e  same frequency. 

A lso shown f o r  comparison i s  t h e  assumed average ambient acoust ic absorption 

c o e f f i c i e n t  ( s o l i d  l i n e )  obtained from t h e  l i t e r a t u r e  f o r  standard atmospheric 

condit ions. 

The values o f  transmission l oss  (TL) obtained from the  reverberat ion t ime  

measurements are shown i n  f i g u r e  10 (i ndicated as "experiment"). 

were obtained by c a l c u l a t i n g  T from equation 2 and TL from equation 5. 

These values 

It may be 



equiva lent  c y l i n d e r  b u t  o f  i n f i n i t e  length. Thi 

t ransmission l o s s  i n  t h e  range of  1300 t o  3000 Hz. 

method o f  reference 3) was ca lcu la ted  f o r  t h e  t ransmission loss o f  a c y l i n d e r  open 

a t  one end o f  t h e  same thickness and diameter as reference 2 bu t  o f  a length  o f  

304.8- cm. 

values o f  transmission l o s s  were approximately 19-32 dB i n  t h e  range o f  

frequencies from 400 t o  5000 Hz. Below 400 Hz, t h e  values of transmission l o s s  

increase very rap id ly .  

t h e  exper imental ly obtained values and t h e  r e s u l t s  o f  ca lcu lat ions.  

The t h i r d  curve (based on t h e  

However, t h e  noise source was i n  t h e  c losed end o f  t h e  cyl inder.  The 

It may be observed t h a t  there  i s  l i m i t e d  agreement between 

The values o f  transmission loss are  converted t o  t r a n s m i s s i b i l i t y  coe f f i -  

Now i t  can be seen t h a t  t h e  experimentally c i e n t s  and a r e  shown i n  f i g u r e  11. 

obtained c o e f f i c i e n t s  a re  small ((0.022). Only t h e  method o f  reference 

ind i ca tes  t h a t  t h e  c o e f f i c i e n t s  would be small throughout t h e  frequency range. 

Reference 2 ind ica tes  t h a t  t h e  c o e f f i c i e n t s  would be small i n  t he  frequency rang 

i n  i n t e r i o r  no ise l e v e l s  (A) from e x t e r i o r  vacuun t o  a 
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shown i n  Figure 9. Experimentally obtained d 

very w e l l  w i t h  each o the r  except near t 

except near t h e  r i n g  frequency, no meas 

comparison o f  these data w i t h  t h e  d e l t  

t h e  th ree  referen 

1, b e l w  500 Hz, i nd i ca tes  much h igher  values, and from 2000 t o  5000 Hz, i nd i ca tes  

lower values than experimental ly obtained. A t  a very low frequency, a d e l t a  o f  12 

dB i s  indicated. The method o f  reference 2 i nd i ca tes  1 i m i  t ed  agreement throughout 

t h e  frequency range. The values obtained using t h e  method o f  reference 3 are  

consis tent ly  lower than those experimental ly obtained w i t h  t h e  highest d e l t a  about 

1 dB. 

methods i n d i c a t e  l i m i t e d  agreement. The method o f  reference 

Figures 13 and 14 shaw t r end  studies. As may be noted from t h e  sect ion on 

data analysis, t h e  absorption c o e f f i c i e n t  o f  a s t r u c t u r e  i n  the  ea r th ' s  ambient 

environment (aa) i s  greater  than t h e  absorpt ion c o e f f i c i e n t  o f  t h e  s t ruc tu re  i n  

a vacuun (av) by t h e  amount o f  t h e  t r a n s m i s s i b i l i t y  r (equations 2 and 3). 

Calculat ions were made (equation 1) t o  determine A as a funct ion o f  t h e  absorption 

r a t i o  (ambient absorpt ion t o  vacuum absorpt ion).  

For  h igh r a t i o s  (over lo), one would expect d e l t a  t o  be greater  than 10 dB. 

However, t r a n s m i s s i b i l i t y  c o e f f i c i e n t s  measured i n  t h i s  study were very low (see 

f i g u r e  11) which resu l ted  i n  absorption r a t i o s  i n  t h e  range o f  1 t o  3. 

corresponding de 

Results are shown i n  f i g u r e  13. 

The 

r e  i n  t h e  range of zero t o  3-4 dB. 

ted, d e l t a  i s  a f u n c t i o n  o f  transmission l o s s  o f  t h e  

i gu re  14. The curves shown are f o r  constant acoust ic 

absorpt ion coef o f  t h e  s t r u c t u r e  when t as an external  ambient 

t i s  seen t h a t  i f  t h e  transmission l oss  i s  above 25 &, 
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d e l t a  w i l l  be l e s s  than  2 dB even i f  t h e  ambient absorpt ion c o e f f i c i e n t  aa i s  as 

low as 0.01. For h ighe r  as's, even lower transmission l o s s  values a r e  required 

t o  o b t a i n  s i z a b l e  del tas.  n u s ,  f i g u r e s  13 and 14 help exp la in  why t h e  small 

values o f  A were obtained i n  t h i s  study. 

CONCLUDING REMARKS 

A small c y l i n d r i c a l  tank conta in ing a speaker and two microphones was used t o  

study t h e  e f f e c t  o f  a no ise environment w i t h i n  t h e  tank under both ear th 's  ambient 

pressure cond i t i on  and vacuum environment on the  ex te r io r .  

measured reverberat ion t imes were used t o  c a l c u l a t e  absorption coe f f i c i en ts ,  

transmission loss, t r a n s m i s s i b i l i t y  coe f f i c i en ts ,  and de l tas  (sound pressure l e v e l  

Experimental ly 

d i f ferences)  i n  t h e  i n t e r i o r  no ise l e v e l  o f  t h e  tank. 

d i r e c t l y  f o r  t h e  e x t e r i o r  environments and compared t o  various a n a l y t i c a l  

approximations w i t h  1 i m i  ted agreement. 

tank transmission l o s s  was l a r g e  (above 25 dB), de l tas  a re  less than 2 dB. 

Del tas were a l s o  measured 

Trend study curves i nd i ca ted  t h a t  i f  t h e  
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